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Abstract: Unusually severe weather is occurring more frequently due to global climate change. 
Heat waves, rainstorms, snowstorms, and droughts are becoming increasingly common all over the 
world, threatening human lives and property. Both temperature and precipitation are representative 
variables usually used to directly reflect and forecast the influences of climate change. In this study, 
daily data (from 1953 to 1995) and monthly data (from 1950 to 2010) of temperature and 
precipitation in five regions of the Amur River were examined. The significance of changes in 
temperature and precipitation was tested using the Mann-Kendall test method. The amplitudes were 
computed using the linear least-squares regression model, and the extreme temperature and 
precipitation were analyzed using hydrological statistical methods. The results show the following: 
the mean annual temperature increased significantly from 1950 to 2010 in the five regions, mainly 
due to the warming in spring and winter; the annual precipitation changed significantly from 1950 to 
2010 only in the lower mainstream of the Amur River; the frequency of extremely low temperature 
events decreased from 1953 to 1995 in the mainstream of the Amur River; the frequency of high 
temperature events increased from 1953 to 1995 in the mainstream of the Amur River; and the 
frequency of extreme precipitation events did not change significantly from 1953 to 1995 in the 
mainstream of the Amur River. This study provides a valuable theoretical basis for settling disputes 
between China and Russia on sustainable development and utilization of water resources of the 
Amur River.     
Key words: climate change; temperature; precipitation; extreme weather events; Mann-Kendall 
test method; linear least-squares regression model; Amur River     
 
1 Introduction 
Climate change has become a hot topic for researchers, attracting the attention of experts 
and scholars, as well as the governments of many countries. Climate change can bring about 
glacial retreats, permafrost melts, rises in sea levels, frequent catastrophic weather events, 
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increasing desertification, and threats to rare and endangered species (Houghton et al. 2001; 
Shi and Liu 2005; Nelson 2003; Lzrael and Anokhin 2002; Osterkamp et al. 2000; Shen et al. 
2012; Dai and Zhang 2012). The frequency of central pacific (CP) El Niño at the end of the 
21st century will increase by five times from what it is now (Dai et al. 2010). Climate change 
also threatens society’s sustainable development. It directly and indirectly affects the ecological 
environment and natural resources.  
Temperature and precipitation, both of which are vital meteorological factors, are usually 
selected as representative variables to directly reflect and predict global climate change. 
Reports from the Intergovernmental Panel on Climate Change (IPCC) show that the global 
mean annual temperature rose by 0.4  to 0.8  in the ć ć 20th century (Solomon et al. 2007). At 
the same time, precipitation has also significantly changed all over the world (Li et al. 2012). 
Under these conditions, extreme weather events, including heat waves, rainstorms, floods, 
snowstorms, and droughts, are now more likely to occur than they previously were (Douglas  
et al. 2000; Zhang et al. 2008). Extreme weather events have recently become an important 
point of analysis for climate change. Thus, scholars began to focus on studying extreme 
weather events, resulting in significant findings. Jones et al. (1998) adopted extreme climate 
indices to simulate variations of extreme weather events in the world. Lzrael and Anokhin (2002) 
performed research on the influence of extreme weather events on the social economy and 
ecological environment. Zhai et al. (2005) conducted research on the change trends of extreme 
temperature and precipitation in North China. Studies show that the extremely low and high 
temperatures were found to be increasing in China (Zhang et al. 2008; Zhao et al. 2012), while 
the extreme precipitation changed in different ways (Min and Qian 2008; Yang et al. 2008; 
Wang et al. 2012). 
A large number of studies have focused on analyzing variations of temperature and 
precipitation in different places. However, research on the effects of climate change on 
international rivers is limited. In the Erqisi River Basin, both temperature and precipitation 
show significant increasing trends (Li et al. 2008). The Amur River has been the official 
boundary between China and Russia since 2004. Since the Amur River is located at the middle 
and high latitudes, it is very sensitive to global climate change. Although studies on climate 
change in this river basin are important to both China and Russia, few studies have been 
conducted. Also, few studies have discussed the extreme temperature and extreme precipitation 
in the Amur River. Furthermore, issues of sustainable water resources utilization and 
management between China and Russia, which may be affected by variations of temperature 
and precipitation, are the most important factors that affect the relationship between the two 
countries. As it is an international river, further research on the Amur River must be performed. 
Thus, the variations of climate characteristics and extreme weather events in the Amur River 
are analyzed in this paper.  
2 Methodology  
The methods presented in this paper include the Mann-Kendall test method, the linear 
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least-squares regression model, and the hydrological statistical method. These methods are 
widely used, highly credible, and can directly reflect the changes in the variables. 
2.1 Mann-Kendall test method 
The Mann-Kendall test method was used to test the change trends of temperature and 
precipitation. A stationary series has a constant mean, variance, and autocorrelation. Both 
parametric and non-parametric tests are commonly used to test the change trends. Although 
parametric trend tests are more powerful, they require the data to be independent and normally 
distributed, while non-parametric trend tests only require that the data are independent and that 
outliers can be tolerated. The Mann-Kendall test method (Mann 1945; Kendall 1948), as a 
kind of non-parametric test, is highly recommended by the World Meteorological Organization 
in assessing the significance of monotonic trends in hydrological series.  
The rank correlation test (Kendall 1948) for two sets of observations, 1 2, , , nx x x"  and 
1 2, , , ny y y" , is formulated, and the statistic S is expressed as 
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and ijb  is similarly defined for observations 1 2, , , ny y y" . 
Under the null hypothesis that 1 2, , , nx x x"  and 1 2, , , ny y y"  are independent and 
randomly ordered, the statistic S  tends to be normally distributed for a large n . The mean 
and variance are given by 
                       ( ) 0E S =                                 (3) 
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If the values of 1 2, , , ny y y"  are replaced with the time order of time series 1 2, , , nx x x" , 
that is, 1,2, ,n" , the test can be used as a trend test (Mann 1945). In this case, the statistic S  
is simplified as 
              ( )sgnij j i
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Kendall (1948) provided proof of the asymptotic normality of S . The significance of 
trends is tested by comparing the standardized test statistic ( ) 0.5arZ S V S= ª º¬ ¼  with the 
standard normal variants at the desired significance level. When 1 2Z Z α−≥ , there is a 
significant trend, where α  ( 0.01α =  or 0.05α = ) is the confidence level, and 1 2Z α−±  is 
the 1 2α−  quantile of standard normal distribution. 
2.2 Linear least-squares regression model 
In this study, the amplitudes were calculated using the linear least-squares regression 
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model. The most common method of linear regression is the least squares of the residuals, 
which is generally accepted as a useful calculation method for the change rate of a climate 
series. The primary equation of the linear least-squares regression model is y bx a= + . This 
method determines the coefficients a  and b  of the fit line by minimizing the sum of the 
squares of the residuals (vertical offsets) of the dependent variable in a set of points ( ix , iy ), 
where n is the number of points. The sum of the squares of the residuals 2R  is given by 
            ( ) ( )2 22
1 1
n n
i i i i
i i
R y y x y a bx
= =
ª º= − = − −¬ ¼¦ ¦                   (6) 
The coefficients a  and b  of the fit line are determined by solving the normal system 
obtained by setting 2 0R a∂ ∂ =  and 2 0R b∂ ∂ = : 
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where y  and x  are the mean values of ix  and iy , respectively. Then, a  and b  are 
calculated with Eq. (8) and Eq. (9): 
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Finally, 10b  is the amplitude of the variation we want to obtain. 
2.3 Hydrological statistical method for defining indices of extreme 
weather events  
The standards of extreme weather events are quite different all over the world, so the 
methods for defining them differ as well. The gamma distribution density function has been 
recommended to describe the distribution of daily temperature and precipitation (Jones et al. 
1998). Bonsal et al. (2000) arranged the meteorological data series in ascending order, as in 








                                (10) 
where m is the sequence number of mx  in the data series. This method is simple and easy to 
use, and the results are also almost the same as those obtained from the gamma distribution 
density function.  
In this study, the indices of extreme weather events consisted of the threshold and 
duration. Extreme temperature events included extremely low temperature and extremely high 
temperature events, determined by the daily minimum (maximum) temperature series. Then, 
within each year, the daily minimum (maximum) temperature series was arranged in 
ascending order. Based on the study of Pan (2002), in order to avoid the influences of errors, 
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the mean value of the 5th (95th) daily minimum (maximum) temperature in each year was 
selected as the extremely low (high) threshold. Extremely low temperature events were 
considered to have occurred if the daily minimum temperature was below the threshold, and 
extremely high temperature events were considered to have occurred if the daily maximum 
temperature was above the threshold. The duration of extremely low (high) temperature events 
were considered to be the days when extremely low (high) temperature events took place. 
Extreme precipitation events included extreme precipitation and the duration of extreme 
precipitation events. Extreme precipitation was determined by the daily precipitation series, 
also first arranged in the same manner as the daily temperature, and the mean value of the 99th 
daily precipitation series in each year was selected as the threshold of extreme precipitation. 
Extreme precipitation events were considered to have occurred if the daily precipitation 
exceeded this threshold, and the duration covered the period during which extreme 
precipitation events took place.  
3 Data 
In this study, 18 meteorological stations in the Amur River Basin were selected as 
representative stations. The Amur River was divided into five research regions: the source 
regions, including the left source region (Ulan-ude Station, Chita Station, Mogoca Station, and 
Sretensk Station) and the right source region (Xinbaerhuyouqi Station, Manzhouli Station, and 
Ergun Station); and the entire mainstream of the Amur River, including the upper mainstream 
(Mohe Station, Skovorodino Station, Tahe Station, Huma Station, Norsk Station, and 
Blagovescensk Station), the middle mainstream (Sunwu Station, Yichun Station, and 
Ekaterino-Nikol’skoe Station), and the lower mainstream (Habarovsk Station and Nikolaevsk 
Station). The five research regions are shown in Fig. 1.   
 
Fig. 1 Location of Amur River 
Basic characteristics of the river basin are shown in Table 1. The monthly temperature 
and precipitation from 1950 to 2010 in these five regions was obtained to analyze the annual 
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and seasonal variations. The daily minimum and maximum temperatures, as well as daily 
precipitation from 1953 to 1995 in the mainstream of the Amur River, were obtained to 
analyze the frequency of extreme events.  
Table 1 Basic characteristic of different regions of Amur River 
Region Length (km) Mean annual temperature ( )ć  Annual precipitation (mm) 
Left source region 1 263 í2.67 342.5 
Right source region 1 620 í0.75 299.1 
Upper mainstream  900 í2.44 493.6 
Middle mainstream  950  1.13 593.0 
Lower mainstream  970 í0.11 641.5 
4 Results and discussion 
4.1 Variations of mean annual temperature and annual precipitation 
As far as mean annual temperature was concerned, positive trends were observed from 
1950 to 2010 in the five regions of the Amur River. Table 2 clearly shows the increase of 
temperature in all regions. As a whole, the temperature anomaly changed from negative values 
to positive values around the 1980s. For these five regions, the values of the mean interannual 
temperature anomaly increased from the 1950s to 2000s: in the left source region, the values 
changed from í0.58ć in the 1950s to 0.83ć in the 2000s; in the right source region, the 
values changed from í0.95ć to 0.84ć; in the upper mainstream, the values changed from 
í0.37ć to 0.72ć; in the middle mainstream, the values changed from í1.52ć to 0.86ć; and 
in the lower mainstream, the values changed from í1.14ć to 0.60ć. 
Table 2 Values of mean interannual temperature anomaly 
Region 
Mean interannual temperature anomaly in different periods (ć) 
1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2010 
Left source region í0.58 í0.60 í0.52 í0.01 0.78 0.83 
Right source region í0.95 í0.67 í0.56 í0.37 0.95 0.84 
Upper mainstream í0.37 í0.79 í0.43  0.13 0.68 0.72 
Middle mainstream í1.52 í0.81 í0.20  0.16 0.82 0.86 
Lower mainstream í1.14 í0.06 í0.11  0.10 0.53 0.60 
As far as annual precipitation was concerned, as a whole, the trends of change cannot be 
perceived clearly in the five regions of the Amur River. From the values of the interannual 
precipitation anomaly shown in Table 3, the precipitation increased significantly only in the 
lower mainstream from the 1950s to the 2000s, with values ranging from í121.2 mm in the 
1950s to 32.4 mm in the 2000s. For the other four regions, the positive values and negative 
values of the precipitation anomaly did not show regular trends from the 1950s to 2000s as 
shown in Table 3, so the trends of precipitation variation were not distinct.  
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Table 3 Values of interannual precipitation anomaly 
Region 
Interannual precipitation anomaly in different periods (mm) 
1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2010 
Left source region  í15.5 í0.1 í30.2 27.4 21.9  í2.9 
Right source region   76.1 í8.0  í1.2 16.5 37.7 í61.5 
Upper mainstream   37.7 í7.8 í32.8 10.0  6.6 í12.5 
Middle mainstream   0.0 44.7 í52.8 20.2 25.7 í34.6 
Lower mainstream í121.2 í4.5  37.9 30.2 21.9  32.4 
In order to analyze the specific change trends of mean annual temperature and annual 
precipitation in the five regions of the Amur River, the variation processes are described in  
Fig. 2. The change trends were calculated using the linear least-squares regression model, and 
the significance of change trends was tested with the Mann-Kendall test method.  
The mean annual temperature shows a significant increase in the five regions of the Amur 
River from 1950 to 2010 (Fig. 2), with the increasing rates of 0.32ć per ten years in the left 
source region, 0.42ć per ten years in the right source region, 0.29ć per ten years in the upper 
 
Fig. 2 Variations of mean annual temperature and precipitation in five research regions 
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mainstream, 0.48ć per ten years in the middle mainstream, and 0.32ć per ten years in the 
lower mainstream, and all the increasing trends passed the 0.99 significance test. From the 
values of these increasing rates, the fastest warming appeared in the right source region 
(0.42ć per ten years) and the middle mainstream (0.48ć per ten years), and this may be 
because these two regions are located on a plain, where the carbon emissions are higher due to 
a relatively lager population and more intensive human activities; the warming increase was 
largely the same in the left source region (0.32ć per ten years) and the lower mainstream 
(0.32ć per ten years), both of which are located in Russia with a relatively smaller population 
and fewer human activities; and the warming was slow in the upper mainstream (0.29ć per 
ten years), which is located in a mountainous area. 
The annual precipitation shows different variations in the five regions of the Amur River 
from 1950 to 2010 (Fig. 2). The precipitation increased in the left region and the lower 
mainstream, and only the increasing trend in the lower mainstream passed the 0.99 
significance test, with an increasing rate of 24.88 mm per ten years. The precipitation 
decreased in the other three research regions, and all the decreasing trends did not pass the 
significance test.  
4.2 Variations of seasonal temperature and precipitation 
Based on the foregoing analysis, the mean annual temperature and annual precipitation 
changed in different way from 1950 to 2010 in all research regions of the Amur River. In order 
to determine the season whose change was the main cause of the annual variations, the 
variations of seasonal temperature and seasonal precipitation were analyzed.  
The change rates of seasonal temperature were calculated by the linear least-squares 
regression model. The results are shown in Table 4. The variations of seasonal temperature 
were different in different regions. In the left source region, the temperature increased 
significantly in all four seasons, and relatively fast warming occurred in spring and winter, 
with increasing rates of 0.44ć per ten years and 0.38ć per ten years, respectively. Thus, the 
warming in these two seasons contributed greatly to the annual warming (0.32ć per ten years) 
in this region. In the right source region, the temperature increased significantly in the three 
seasons other than winter, and relatively fast warming occurred in spring and summer, with the 
increasing rates of 0.54ć per ten years and 0.52ć per ten years, respectively. Thus, the 
warming in these two seasons contributed greatly to the annual warming (0.42ć per ten years) 
in this region. In the upper mainstream, the temperature increased significantly in spring and 
winter, with the respective increasing rates of 0.40ć per ten years and 0.56ć per ten years. 
Therefore, the warming in these two seasons contributed greatly to the annual warming 
(0.29ć per ten years) in this region. In the middle mainstream, the temperature increased 
significantly in all four seasons, and relatively fast warming occurred in spring and winter, 
with the respective increasing rates of 0.65ć per ten years and 0.80ć per ten years. Therefore, 
the warming in these two seasons contributed greatly to the annual warming (0.48ć per ten 
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years) in this research region. In the lower mainstream, the temperature increased significantly 
in all four seasons, and relatively fast warming appeared in spring and winter, with the 
increasing rates of 0.41ć per ten years and 0.46ć per ten years, respectively. Hence, the 
warming in these two seasons contributed greatly to the annual warming (0.32ć per ten years) 
in this region. In conclusion, the mean annual temperature increased significantly in the five 
regions of the Amur River mainly because of the fast warming in spring and winter. 
Table 4 Seasonal and annual change rates of temperature in different regions 
Region 
Change rate of temperature per ten years (ć) 
Seasonal 
Annual 
Spring Summer Autumn Winter 
Left source Region 0.44** 0.16*  0.27**  0.38** 0.32** 
Right source region 0.54**  0.52**  0.37** 0.24 0.42** 
Upper mainstream 0.40** 0.07 0.14  0.56** 0.29** 
Middle mainstream 0.65**  0.37**  0.43**  0.80** 0.48** 
Lower mainstream 0.41**  0.19**  0.22**  0.46** 0.32** 
Note: ** means that the change trends pass the 0.99 significance test, and * means that the change trends pass the 0.95 
significance test. 
The change rates of seasonal precipitation were calculated by the linear least-squares 
regression model, and are shown in Table 5. The variations of seasonal precipitation were 
different in different regions. In the left source region, the precipitation increased 
insignificantly in all four seasons, with amplitudes of 1.65 mm per ten years in spring, 1.86 
mm per ten years in summer, 1.19 mm per ten years in autumn, and 0.39 mm per ten years in 
winter. Thus, the precipitation increase in all seasons contributed to the insignificant annual 
wetting (5.34 mm per ten years) in this region. In the right source region, the precipitation 
decreased insignificantly in the three seasons other than winter, and the amplitudes of drying 
were higher in summer (–8.49 mm per ten years) and autumn (í1.74 mm per ten years), so the 
precipitation decrease in these two seasons contributed to the insignificant annual drying 
(–10.13 mm per ten years) in this region. In the upper mainstream, the precipitation increased 
insignificantly in spring, decreased insignificantly in summer and autumn, and increased 
significantly in winter. Because the amplitudes of drying appeared in summer (í1.33 mm per 
ten years) and autumn (í4.28 mm per ten years), the precipitation decrease in these two 
seasons contributed to the insignificant annual drying (–4.12 mm per ten years) in this region. 
In the middle mainstream, the precipitation increased insignificantly in spring and winter, 
decreased insignificantly in summer, and decreased significantly in autumn. Because the 
amplitudes of drying appeared in summer (–2.05 mm per ten years) and autumn (í8.75 mm 
per ten years), the precipitation decrease in these two seasons contributed to the insignificant 
annual drying (–7.73 mm per ten years) in this region. In the lower mainstream, the 
precipitation increased in all four seasons, and increased significantly in winter, with the 
amplitudes of 5.42 mm per ten years in spring, 9.39 mm per ten years in summer, 3.81 mm per 
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ten years in autumn, and 6.25 mm per ten years in winter, so the precipitation increase in all 
seasons contributed to the insignificant annual wetting (24.88 mm per ten years) in this region. 
Therefore, in the Amur River, the annual precipitation increased mainly due to the wetting in 
all seasons in the left source region and the lower mainstream, and the insignificant annual 
drying was mainly because of the drying in summer and autumn in the other three regions.  
Table 5 Change rates of seasonal precipitation in different regions      
Region 
Change rate of precipitation per ten years (mm) 
Seasonal 
Annual 
Spring Summer Autumn Winter 
Left source Region  1.65  1.86  1.19 0.39  5.34 
Right source region –0.31 í8.49 –1.74 0.41 í10.13 
Upper mainstream  0.58 –1.33 í4.28  1.00* –4.12 
Middle mainstream  2.53 í2.05  –8.75*  1.27 í7.73 
Lower mainstream  5.42  9.39  3.81    6.25**   24.88** 
Note: ** means that the change trends pass the 0.99 significance test, and * means that the change trends pass the 0.95 
significance test. 
4.3 Frequencies of extreme weather events 
In addition to variations of mean annual temperature and annual precipitation, frequent 
extreme weather events, including extreme temperature and extreme precipitation events, also 
occurred along the mainstream of the Amur River. Extreme temperature and extreme 
precipitation have regular variations along the mainstream of the Amur River. Daily data of 
temperature and precipitation from 1953 to 1995 along the mainstream of the Amur River 
were selected to calculate the thresholds of extreme events (Table 6). Table 6 shows that the 
thresholds were highest in the middle mainstream and lowest in the lower mainstream. 
Table 6 Thresholds of extreme events from 1953 to 1995  
Region Extremely low temperature (ć) Extremely high temperature (ć) Extreme precipitation (mm) 
Entire mainstream í32.5 27.6 27.9 
Upper mainstream í36.9 28.1 26.7 
Middle mainstream í26.4 28.7 32.5 
Lower mainstream í31.3 23.9 22.2 
Based on the thresholds shown in Table 6, the variations of extreme events were analyzed. 
The processes of extreme events along the entire mainstream of the Amur River were selected 
as a representative to describe the variations (Fig. 3). The results show that the annual 
extremely low temperature increased, whereas the annual duration of extremely low 
temperature events decreased; both the annual extremely high temperature and the duration 
increased; and both the annual extreme precipitation and the duration increased. 
In order to analyze the specific change trends of annual extreme events along the entire 
mainstream of the Amur River, the change trends were calculated by the linear least-squares 
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Fig. 3 Variations of extreme events from 1953 to 1995 along entire mainstream of Amur River 
regression model, and the significant change trends were tested with the Mann-Kendall test 
method. The results are shown in Table 7. Different extreme events changed in different ways 
from 1953 to 1995 along the mainstream of the Amur River. For extremely low temperature, 
the amplitudes increased significantly, while the durations decreased significantly, with the 
respective change rates of 0.7ć per ten years and í3 days per ten years in the mainstream, 
which means that the frequency of extremely low temperature events was decreasing. Such a 
phenomenon mainly occurred in the upper and lower mainstreams, and it was not obvious in 
the middle mainstream. For extremely high temperature, both the extremely high temperature 
and the duration increased significantly, with the respective change rates of 0.3ć per ten years 
and 2 days per ten years over the entire mainstream, which means that the frequency of 
extreme high temperature events was increasing. Such a phenomenon mainly occurred in the 
middle and lower mainstreams, and it was not obvious in the upper mainstream. For extreme 
precipitation, the calculated results showed that it showed insignificant change trends over the 
research period (1953 to 1995). 
Table 7 Amplitudes and durations of extreme events per ten years from 1953 to 1995 
Region 
Extremely low temperature Extremely high temperature Extreme precipitation 
Amplitude (ć) Duration (d) Amplitude (ć) Duration (d) Amplitude (mm) Duration (d) 
Entire mainstream 0.7 í3 0.3 2 ʊ ʊ 
Upper mainstream 1.0 í4 ʊ ʊ ʊ ʊ 
Middle mainstream ʊ ʊ 0.4 ʊ ʊ ʊ 
Lower mainstream 0.8 í3 ʊ 2 ʊ ʊ 
Note: ʊ means that the trends do not pass the significance test. 
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5 Conclusions and future research 
In summary, this study analyzed the variations of climate change in five research regions 
of the Amur River (both in China and in Russia), including change processes of temperature 
and precipitation from 1950 to 2010, as well as the frequency of extreme weather events from 
1953 to 1995. The main conclusions are as follows:  
(1) Significant increasing trends of mean annual temperature could be observed from 
1950 to 2010 in the five research regions of the Amur River. In all research regions, the values 
of the mean interannual temperature anomaly increased significantly, and the negative values 
changed to positive values around in the 1980s. The increasing rates also verified that the 
warming was significant in all regions. Different change rates appeared in the five regions: the 
warming was fastest in the right source region and the middle mainstream, relatively fast in 
the left source region and the lower mainstream, and relatively slow in the upper mainstream. 
The variations of seasonal temperature were analyzed. Although the increasing trends of the 
four seasons were different in the five different regions, on the whole, the results show that the 
warming in spring and winter was the main cause of annual warming from 1950 to 2010. 
(2) Compared with the variation of mean annual temperature, the annual precipitation 
changed insignificantly from 1950 to 2010 as a whole. For the five research regions, an 
obvious change only appeared in the lower mainstream according to the values of the 
interannual precipitation anomaly, and the values changed from –121.2 mm in the 1950s to 
32.4 mm in the 2000s. The change rates also verified that the wetting was noticeable only in 
the lower mainstream, with insignificant change in the other four research regions. The 
variations of the seasonal precipitation from 1950 to 2010 were analyzed. The results showed 
that the wetting in all four seasons contributed to the annual precipitation change both in the 
left source region and in the lower mainstream, and the drying in summer and autumn 
contributed to the insignificant annual precipitation decrease in the other three research regions. 
(3) The extreme weather events also showed regular variations from 1953 to 1995 in the 
research regions along the entire mainstream of the Amur River. First, the thresholds of 
extreme weather events were calculated, and the results showed that the values were highest in 
the middle mainstream and lowest in the lower mainstream. Second, according to these 
thresholds, the frequencies of extreme events were analyzed. The results showed that the 
frequency of extremely low temperature events decreased from 1953 to 1995 in the upper and 
lower mainstreams, because of a significant increase of extremely low temperature and a 
significant decrease of duration; the frequencies of extremely high temperature events 
increased from 1953 to 1995 in the middle and lower mainstreams, because of insignificant 
increases of the extremely high temperature and duration; and the frequencies of extreme 
precipitation events did not change significantly from 1953 to 1995 in the research regions 
along the mainstream of the Amur River, because the extreme precipitation and duration did 
not change significantly.       
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The variations of temperature and precipitation may have many consequences. Climate 
warming significantly impacts the trend of crop yield in the Amur River Basin. For example, 
the yield of maize is increasing and the yield of soybeans is falling (Gao et al. 2007). The 
wetting could increase the flow in the left source region and the lower mainstream, resulting in 
a decrease of the frequency of the shortage of ecological water demand. On the other hand, the 
insignificant wetting in summer might increase the frequency of flooding. The insignificant 
drying in the other three research regions might be an issue for the normal operation of aquatic 
ecosystems. The decrease in frequency of extremely low temperature events could influence 
the survival rates of aquatic organisms and plants along the coast, which may have adapted to 
climate characteristics in colder areas. From another perspective, this phenomenon might 
benefit people who live on both sides of the Amur River, and it could be favorable because of 
savings of heating energy. Similarly, the increase in frequency of extremely high temperature 
events could change the living conditions of aquatic animals and plants.  
Though many conclusions were obtained in this study, several limitations may still be 
found, and the following future research activities can be carried out:  
(1) Forecasting the climate change in terms of temperature and precipitation in the whole 
Amur River Basin.  
(2) Analyzing the main causes of the variations of temperature and precipitation in the 
five research regions, including natural reasons and human activities.  
(3) Discussing the impact factors and trend prediction of the extremely low temperature 
variations, particularly because extremely low temperature increases may affect snow melting, 
which is a hidden obstacle to flood safety in the spring. 
(4) Collecting related materials on the changes in species and amounts of aquatic 
organisms, as well as plants in the Amur River Basin.  
References 
Bonsal, B. R., Zhang, X., Vincent, L. A., and Hogg, W. D. 2001. Characteristics of daily and extreme 
temperatures over Canada. Journal of Climate, 14(9), 1959-1976. [doi:10.1175/1520-0442(2001)014< 
1959:CODAET>2.0.CO;2] 
Dai, H. D., and Zhang, Y. P. 2012. Effect of climate change on the ecological environment in the source 
region of Yellow River. Journal of Arid Land Resources and Environment, 26(8), 141-147. (in Chinese) 
Dai, Y., Luo, Y., and Li, X. P. 2010. Review of climate change in the journal Nature 2009. Advances in 
Climate Change Research, 6(2), 154-156. (in Chinese) 
Douglas, E. M., Vogel, R. M., and Kroll, C. N. 2000. Trends in floods and low flows in the United States: 
Impact of spatial correlation. Journal of Hydrology, 240(1), 90-105. [doi:10.1016/S0022-1694 
(00)00336-X] 
Gao, Y. G., Gu, H., Ji, J. Z., and Wang, Y. G. 2007. Simulation study of climate change impact on crop yield 
in Heilongjiang Province from 1961 to 2003. Journal of Applied Meteorological Science, 538(6), 
532-538. (in Chinese) 
Houghton, J. T., Ding, Y., Griggs, D. J., Noguer, M., van der Linden, P. J., Dai, X., Maskell, K., and Johnson, 
C. A. 2001. Climate Change 2001: The Scientific Basis. Contributions of Working Group I of the 
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University. 
 Lan-lan YU et al. Water Science and Engineering, Apr. 2013, Vol. 6, No. 2, 131-144 144
Jones, P. D., Briffa, K. R., Barnett, T. P., and Tett, S. F. B. 1998. High-resolution palaeoclimatic records for the 
last millennium: Interpretation, integration and comparison with General Circulation Model control-run 
temperatures. The Holocene, 8(4), 779-787. [doi:10.1191/095968398667194956] 
Kendall, M. G. 1948. Rank Correlation Methods. London: C. Griffin. 
Li, C., Xiao, Z. N., and Zhang, X. L. 2012. Climatic characteristics of precipitation in various regions of 
China for the past 60 years. Meteorological Monthly, 38(4), 419-424. (in Chinese) 
Li, J., Xia, Z. Q., Guo, L. D., and Wang, X. 2008. Characteristics and trends of change in the climate of Irtysh 
River Basin. Journal of Hohai University (Natural Sciences), 36(3), 311-315. (in Chinese) [doi: 
10.3876/j.issn.1000-1980.2008.03.005] 
Mann, H. B. 1945. Nonparametric tests against trend. Journal of the Econometric Society, 13(3), 245-259. 
Min, S., and Qian, Y. F. 2008. Regionality and persistence of extreme precipitation events in China. Advances 
in Water Science, 19(6), 763-771. (in Chinese) 
Lzrael, Y. A., and Anokhin, Y. A. 2002. Permafrost evolution and the modern climate change. Russian 
Meteorology and Hydro1ogy, 27(1), 22-34. 
Nelson, F. E. 2003. (Un)frozen in time. Science, 299(5613), 1673-1675. [doi:10.1126/ science.1081111] 
Osterkamp, T. E., Vierek, L., Shur, Y., Jorgenson, M. T., Racine, C., Doyle, A., and Boone, R. D. 2000. 
Observations of thermokasrt and its impact on boreal forests in Alaska, U.S.A. Arctic, Antarctic, and 
Alpine Research, 32(3), 303-315. 
Pan, X. H. 2002. The Spatial and Temporal Characteristics of Change of Temperature and Precipitation 
Extremes over China During the Second Half of the 20th. M. E. Dissertation. Beijing: Chinese Academy 
of Meteorological Science. (in Chinese) 
Shen, D. F., Li, S. J., Jiang, Y. J., and Chen, Wei. 2012. Water environment characteristics and regional 
climate response of typical lakes in Yellow River headwater area. Journal of Arid Land Resources and 
Environment, 26(7), 91-97. (in Chinese) 
Shi, Y. F., and Liu, C. H. 2005. Concise Glacier Inventory of China. Shanghai: Shanghai Popular Science 
Press.  
Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K. B., Tignor, M., and Miller, H. L. 2007. 
Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge 
University. 
Wang, M., Guo, P. W., Wu, Y., and Li, J. X. 2012. Progresses in researches on extreme precipitation over 
China. Meteorological Science and Technology, 40(1), 79-86. (in Chinese) 
Yang, S. Y., Sun, F. H., and Ma, J. Z. 2008. Evolvement of precipitation extremes in northeast China on the 
background of climate warming. Scientia Geographica Sinica, 28(2), 224-228. (in Chinese) 
Zhai, P. M., Zhang, X. B., Wu, H., and Pan, X. H. 2005. Trends in total precipitation and frequency of daily 
precipitation extremes over China. Journal of Climate, 18(7), 1096-1108. [doi:10.1175/JCLI-3318.1] 
Zhang, N., Sun, Z. B., and Zeng, G. 2008. Change of extreme temperature in China during 1955-2005. 
Journal of Nanjing Institute of Meteorology, 31(1), 123-128. (in Chinese) 
Zhao, J., Shi, Y. F., Wang, D. W., and Fu, P. 2012. Temporal and spatial changes of extreme temperatures in 
China during 1961-2008. Journal of Arid Land Resources and Environment, 26(3), 52-56. (in Chinese) 
(Edited by Yun-li YU) 
